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METHOD OF USING IL-11 TO ENHANCE CELL MEDLITED IMMUNITY 
FOR TREATING VARIOUS VIRAL AND PARASITIC INFECTIONS AND CANCER 

FIELD OF INVENTION 

The present invention relates generally to methods of treating various viral and parasitic 
infections and cancer, particularly through enhancing the generation of cytotoxic T cells. 

BACKGROUND OF THE INVENTION 

Interleukin-11 jJLrU] is a multifunctional cytokine that has activities on a variety of 
hematopoietic and immune cell types. In addition to its effects on megakaryocyte, myeloid and 
erytiuocyte progenitois, IL-1 1 also potendy dowmegulates proinflammatory cytokine production from 
activated macrophages. Consequentiy, IL-1 1 has been shown to reduce inflammation and promote 
healing in a variety of animal nKxiels of acute and chronic inflammation. 

cytotoxic T cells [CTL] are CD8-I- effector cells whose primary purpose is to recognize and 
kill target cells in an MHC class I restricted manner. The mechanism of cytotoxicity is tiie release 
of election-dense cytoplasmic granules as well as the interaction of CD95L (FasL) witfi CD9S (Fas) 
on target cells. The immune surveillance properties of CTLs result in host protection from a wide 
variety of intracellular padiogens such as viruses and parasites. In additic»i» recognition of tunxir 
antigens by CD8+ T cells can result in the induction of a cell-specific immune response against 
tumors ^nkemageL R.M. And Hengattner* H.» Antiviral Inununity Immunology Today 18:258-260 
(1997)). 

These disorders and thdr symptoms are briefly summarized below. According to the 
methods of the present invention, IL-1 1 is administered in vivo oc ex vivo to enhance die host CTL 
response to increase inmiune surveillance thereby treating the following disorders. 

BRIEF SUMMARY OF THE INVENTION 

Surprisingly, the present inventors have found that IL-1 1 dennonstrates the ability to augment 
the generation of cytotoxic T cells [CJTL]. Cells restimulated in the presence of IL-2 and IL-1 1 
demonstrate a significant increase in antigen-specific cytolytic activity over cells restimulated with 
IL-2 alone. Furthemwre. IL-1 1 could substitute for IL-2 in the generation of CTL activity. The 
addition of IL-11 during in vitro restimulaticm also resulted in an increased level of Int^erony 
[IFNy] secretion and number of cells producing IFNy in response to antigen stimulati<HL In oth» 
systems, IL-1 1 synergized with otiier factc^ such as IL-12, to enhance die number and lytic activity 
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of CTLs. These studies indicate that IL-] 1 can help in the generation of CTLs and may play a role 
in the defoise against intracellular pathogens. Thus» IL-1 1 can thus functira as a helper factor in the 
induction of CTL. 

Provided by the present invention are methods of treating a variety of diseases where 
5 enhancement of cytotoxic T cdi activity has shown to be beneficial including acute viral disorders 
such as influenza* cfarraic viral disorders sudi as Epstein-Barr Virus [EBV], human 
immunoddiciency virus [HIV]» herpes* hepatitis, and varicella zoster* parasitic infections such as 
malaria and tuberculosis, and cancer. In additicm, provided by the present invention are methods of 
ex vivo enhancement of T cell activity from cells derived firrai patients with the above disorders 
10 followed by subsequent reintroduction of the modified cells into tiie patients. 

According to die present invention, II^l 1 , analogs* and derivatives thereof* are administered 
to patients, either prophylactically or at the onset of symptoms associated with the aforementioned 
disorder. ILrll can be administered in suitable phannaceuticaUy acceptable carriers either alone or 
in ccmibination with other conventional agents useful in alleviating the symptoms associated with the 
15 aforementioned disorders. 

In a preferred embodiment, IL^ll can be co-administered with a vacdne against viral or 
bacterial pathogens, such as an influenza vaccine. In another prefored embodiment, IL-1 1 can be 
co-administerBd with an anti-tumor agent, and can be administered to patients suffereing from cancer 
or other tumorig^dQr. 

. 20 

DETAILED DESCRIPTION OF THE INVENTION 
Provided by the present invention are methods of treating a variety of diseases where 
enhancement of cytotoxic T cell activity has shown to be beneficial, including acute viral disorders 
such as influenza, chronic viral disord^ such as EBV, HIB, herpes, hepatitis, and varicella zoster, 
2 5 intracellular pathogens such as malaria and tuberculosis, and cancer, bi addition, provided by the 
present invention are methods of ex vivo odiancement of T cell activity from cells derived from 
patients with the above diseases followed by subsequent reintroducticm of the modified cells into the 
patients. 

Resting B cells* macroi^iages, CD4+ T cells and CD8-K T cells express the IL-1 1 recqytor 
30 alpha^famii, in^cating a potentid interaction ofIL-11 with these ceUpc^mlati^ To understand the 
role of IL- 11 as an immune modulatcxy protein* its ability to directly interact with various lynqriiocyte 
populations was examined. ILrll directiy interacts with an antigen presenting cell [APC]* the 
macrofdiage* to inhibit LPS-induced proinflammatoiy cytcddne production such as TNF-a, IL-1 b and 
IL-12. ILrl 1 also interacts directiy with purified pqnilations of activated murine CD4+ T cells to 
35 enhance or iiihiUt production of cytddnes such as IL-4*ILrS*IL-10,I^ These results 



2 



wo 99/37322 



PCTAJS99/00640 



indicate an ability of IL-1 1 to enhance T cell helper activity either directly or indirectly throu^ the 
APC Given the ability of IL-11 to modulate effector activity of macrophages and CD4+ T cells, its 
ability to affect CDS4- cytotoxic T cdl effector function either directly or indirecdy through the APC 
or T helper cells was examined. Spleen cells from influenza virus immunized Balb/c mice were 

5 isolated and restimulated in vitro for seven days with influenza derived MHC class I restricted 
peptide. Cells restimulated in the presence of both IL-2 and iblL-l] demonstrated a significant 
inoease in antigen-spedfic cytolytic acti vi^ over cells restimulated in the presence of IL-2 alone. 
Also» cells restimulated in the presence of rhIL-1 1 alone demonstrated a significant increase in 
antigen-spedfic cytcdytic activity. This indicates that ihIL-1 1 can substitute for the requirement of 

10 exogenous ILr2 in this system. The addition of ifan^41 during in viirvrestimulation also resulted in 
an increased level of both antigen driven JFSy production and number of IFNy secreting cells. 

biterieukin-l 1 \JLrl 1] is a pldotrppic cytokine lhat stimulates primitive lym[rfiohematopd^ 
progenitor cells and syneigizes with otfier hematc^ietic growdi factors to stimulate the proliferation 
and matuiaticm of megakaryocytes. ILrll is described in detail in International Ai^Hcation 

15 PCTAJS9(VD6803, published May 30, 1991; as weU as in U.S. Patent No. 5;ilS,89S; issued June h 
1993. A cloned human IL-11 was previously deposited with the ATCC, 12301 Paiklawn Drive» 
Rockville, Maiyland, on March 30, 1990 under ATCC No. 68284. Moreover, as described in U.S. 
Patent No. 5,270,181; issued December 14, 1993; and U.S. Patent No. 5,292,646; issued March 8, 
1994; IL-1 1 inay also be produced recombiiiantly as a fusi(Mi protein with another p IL^llcan 

20 be produced in a variety of host cells by resort to now conventional genetic engineering techniques. 

hi addition, EL^l 1 can be obtained from vari(»is cell lines, for example, the human lung fibroblast cell 
line, MRC-5 (ATCC Accession No. CCL 171) and Paul et ai, the human trophoblastic cell line, 
TPA30-1 (ATCC Accessicm No. CRL 1583). Described in Proc NaU Acad Sd USA 87:7512 (1990) 
is acDNAeix:odinghuixiann.-ll as weU as the deduced aiiiiiio add sequence (amiiio adds 1 to 199). 

25 U.S. Patent No. 5,292,646, describes a des^rof(»m of n^ll in which 

of the mature form of IL-11 (amino adds 22-199) has been removed (ammo adds 23-199). As is 
s^redated by one ddlled in ihe art, any form of IL-11, wbidi retains IL-11 activiQr. is usdiil 
according to die present inventicm. 

In additicm to recombinant techniques, IL-11 nu^ also be produced by Imown conventional 

30 chemical syntiiesis. M^ods for constructing die polypq>tides useful in the present inventicm by 
synthetic means are known to those of skill in the art The synthetically constructed cytddne 
polypeptide sequences, by virtue of sharing primary, secondary, or tertiary structural and 
cmfonnational characteristics witii die natural cytokine polypeptides are antidpated to possess 
biological activities in common therewidi. Such synthetically constructed cytokine polypeptide 

3 5 sequences or fragments thereof, which duplicate or partially duplicate the functionality thereof may 
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also be used in the melhcxi of this invention. Thus, they may be employed as biologically active or 
immunological substimtes for the naturaU purified cytokines useful in the present invention. 

Modifications in the protein* peptide or DNA sequences of these cytokines or active 
fragments thereof may also produce proteins which may be employed in die mediods of diis 
5 invention* Such modified cytokines can be made by one skilled in the art using known techniques. 
Modifications of interest in the cytokine sequences, eg., the IL-ll sequence, may include the 
replacement, inseition or deletion of me or more selected amino add residues in the coding 
secpienoes. Mutagenic techniques for such replacement, inserticm wdeleticm are well known to one 
skilled in the ait (See, e.g., U. S. Patent No. 4,518,584.) 

1 0 Odier spedfic mutations cf die sequences of die cytridne polypq>tides whidi may be useful 

dienqieutically as described heietn may involve, e.g^ the insertion of one or mm glycosylation sites. 
An aqparagine-linked glycosylation lecogmtion site can be inserted into die sequence by die (fel^on, 
subsdtnticm or addition of amino adds into die pq)tide sequence or nucleotides into die DNA 
sequence. Such diangesinay be inade at any site ofdieindeculediat is mocked by addition ofO- 

15 linked carbohydrate. Expressionof such altered nucleotide or peptide sequences produces variants 
iK^udi m^ be glycosylated at those sites. 

Additional analogs and derivatives of die sequence of the selected cytddne ^ch would be 
expected to retain or prolong its activity in whole or in part, and which are expected to be useful in 
the present method, may also be easily made by one of skill in the art One such modification may 

20 be die attachment of polyediylene glycd (PEG) onto existing lysine residues in the cytokine sequence 
or the ins^on of one or more lysine residues or other amino add residues that can react widi PEG 
or PEG derivatives into the sequence by conventional techniques to enable the attachment of PEG 
moieties. 

Additional analogs of these selected cytokines may also be cfoaracteri2ed by allelic variations 
25 in die DNA sequences encoding diem, or induced variations in die DNA sequraces encoding diem. 

It is antidpated diat all analogs disclosed in the aboveHreferenced publications, including diose 
diaracterized by DNA sequences capable of hybridizing to d» disclosed cytokine sequences under 
stringent hybridization conditims car non-stringent conditions (Sanibrook et aL, Molecular Qoning. 
A Laboratory Manual, 2d edit, CoU Spring Harbor Laboratory, New York (1989)) will be similarly 
3 0 useful in this invmtim. 

Id addition, it is widiin die ait to generate peptide Hgands or small molecule analogs of ILr 1 1 
which are able to interact widi the IL- 1 1 recq>tOT, and dius block die effects [antagonistslor produce 
die same (s- similar effects [agonists] as diose of IL-ll. M^ods for generating and assaying such 
Hgands and small molecules are disdosed in PCT Patent Publication W096/1 9574, die disclosure of 
35 which is hereby incorporated by reference herdn. Such ligands and smaU molecule analogs are also 
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useful in the methods of the present invention. 

Also considered useful in these methods are fusion molecules, prepared by fusing the 
sequence r a biologically active fragment of the sequence of one cytokine to another cytokine or 
inutdnaceous therapeutic agoit, e.g., IL-1 1 fused to JLr6 (see, e.g., methods for fusion described in 
5 PCTAJS91/06186 (W092A)445S). pubUshed March 19, 1992). Alternatively, combinations of the 
cytiddnes may be administered together according to the method. 

The present hsvention thus involves treating patients having acute viial disorders sudi as 
infhieaza, chrraic vind disoiders such as EB V, HIV, beipes, hq>atitis, and varicella zoster, pazasitic 
infections such as malaria and tuberculosis and cancer and involves administering an dfective amount 
10 oflLrll inajAtaimaceuticalcanier. Treatment may be therapeutic or prophylactic, or may be at the 
onset of symptoms associated with the aforementioned disorders. 

In a p r ef ened embodiment, IL-1 1 is co-^dministered with a vaccine against vi^ 
pathogens, such as tfiose^rfud) cause die above disorders. la anoAer preferred embodiment, IL-1 1 
is co-administered with an anti-tumor agent, and can be administered to patients suffering from 
15 cancer or other tumorigenidty. 

Suitable phammoeutically acceptable caixiers fadlitate administration of DL-l 1 and are well 
known in the art Exemplary carriers inchide sterile saline, lactose, sucrose, calcium phos{riiatB, 
gelatin, dextrin, agar» pectin, peanut oil, olive dU sesame oil, and water. Additionally, the carrier or 
diluent includes a time delay material, such as glyceryl monostearate or glyceryl distearate alone or 
.20 with a wax. In addition, slow release polymer formulations can be used Suitable sustairnrelease 

matrices contain the active ingredient in a mixture with one or more of the following: «odium 
bentonite, ethylcellulose, stearic acid, calcium stearate, adipic add, fumaric add, polyethylene glycc^ 
deacetylated chitin, and cellulose acetate. Suitable preservatives and/or stabilizers may be included. 

Altemativdy, IL-1 1 can be combined with other biological factc^ and/or conventional agents 

2 5 useful in alleviating the synqptoms assodated with the af(xementioned disorders, as is readily ai^>arent 

to one skilled in the art For example, IL-11 may be coadministered with CSFs, such as GCSF, 
GMCSF or MCSF, with eryduqxnetin, hepatopdetin, or Literleukins, sudi as IL*1 , ILr2, IL>3, IL-4, 
II^S, ILr6, ILr7, IL-8, ILr9, IL-10, IL-12. IL-13, ILrl4 or IL-15, or with receptois to any of the above 
molecules. Preferred einbodinientsinvoWecoadininistratira with 11^12, IL^ or 11^2^ Asuidie 

3 0 IL-1 1 fonnulation c(»nprises, for example, 5 mg IL-1 1, 3.10 mg histidine, and 22.S mg glycine, for 

example, as a lyofMlized powder which can be reconstimted with 1 ml sterile water for injection. 
As is apparent to one skilled in the art, other suitable fmnulations are equally effective according to 
die mediods of the present inventicHi. 

In the tceamtent of the aforementioned disorders, IL-1 1 can be administered by any suitable 
35 route, but certain routes are preferable for certain dismieis, e.^., administered systemically, Le., 
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parenterally. Of the parenteral routes, subcutanecMis and intravenous are preferred. IL-1 1 can be 
supplied intravenously or can be applied topically in formulations to the nasal mucosa or the 
conjunctiva or mucosa as an aqueous drop formulation or mouthwash, respectively. In localized 
siirface reactions, a topical formulation is preferred whereas in more severe g^eralized body-wide 
5 disorders, parental routes, such as subcutaneous oc intravenous injection are preferred Suitable 

doses of DL-l 1 are in the range of l-SO^g/kg subcutaneous for multiple daily doses and for shorter 
periods of treatment in severe T«ceU states, doses axe increased to SO to lOO^ig/kg subcutaneous or 
intravenous. GenenUy, a suitable dose of cytcddne, e,g,, IL-1 1 ranges broadly, preferably between 

I andlOO/zg/kgbodywde^ Another suitable dose may be in the range ofabout 10 to SO/ig/kg and 
10 aboutS0Mg/i%^vithaprrfefableamoumof2SAtgIL-llperldk)gFan^ desired, these 

doses can be adjusted to units. A unit is conventionally described as die concentraticHic^pdypqytide 
yAadi leads to half-maxiroal stimulation in a suitable assay, e.f f or IL- 1 1 , the Tl 1 65 assay described 
in PCTAJS9CI/D6803. Doses may be administered daily for b^wecn one day and six months, or for 
as long as is deemed necessary and safe, as is readily ascertained by standard tests by the attending 
15 iAyridan,dq)eodinguponifae nature of the disorder being treated. Where iqypropriate, the dosages 
may be adjusted upward or downward, for exan^le, a dosing regunen requiiing administratioa of ILr 

II atadoseof 25 Mg^t daily for one wed[,cx' fewer days, (x* multiple wedcs if indicated. The 
progress of treatment is appropriately monitcmd by measurement of markers associated with the 
(fisoider being treated to determine if such a dose results in an increase of fen* example, perforin (or 

20 corresponding marker) and if not, increasing the dose two-fold for an additional time period of 
treatment and measurement of marker levels until an effective dosing regimen is reached. 

An alternative mode of dierapeutic treatmoit is the ex vivo expansicm of CTLs from affected 
patients. For example, peripheral blood mononuclear cells [PBMC] can be isolated from the blood 
of patients and stimulated in vitro with different doses of rhll^l 1 to enhance die generaticm of CTLs. 

25 Appropriate in vitro doses of 10 ng/ml -500 ng^ are desirable. Cytotoxic T cell assays can be 

perfcxmed to detennine die maximal efficadous dose. Cells than dien be subsequently reinfiised into 
die patient 

The following examples illustrate die mediods of the present invention and in particular the 
usec^IL-ll m treating acute viral infections such as infhienza, chrome viral infecticxiss^ 

3 0 HIV, heipes, hepatitis, and varicella zoster, parasitic infections such as malaria and tuberculosis and 

cancer. In addition, provided by the {Hcsent invention are inediodsctf ex vivo enhaiicement of T cell 
activity fiom cells derived from patients with die above T cell disorders followed by subsequent 
reinttodnctitm of the modified cells into die patients. However, many modifications and alternatives 
dfdie invention will be apparent to the skilled in the ait having read the present specification. Far 

35 example, it win be understood by dK)se of skill in the art that IL-1 1 encompasses the protein produced 
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by the sequoices presently disclosed in the art, as well as proteins characterized by the modifications 
described above which retain substantially similar activity to IL-1 1 . In addition^ it wiU be recognized 
that die modifications, analogs of IL-11 described above are useful in the methods of iht present 
invention. Thus, the examples do not limit the scope of the invention in any way. 

5 

Eacample 1* The IL-11 receptor alpha chain Is expressed on B and T lymphocytes 

Murine B Cells and CD4-I- and CD8+ T cells were purified from Balb/c spleens using 
positive selection with MACS (Magnetic C^Q Sorting) Microbeads conjugated to anti-moose B220, 
CD4 or CDS antibodies, as per tnanufiactuieispn)tocd(MiItenyiBiotec,Su^ RNAwas 

10 extracted from purified cell pq>uIations described above using RNA Stat-60 (Tel-test, Iha, TX) as 
per manufacturer's protocol RNA was DNase treated (RQl DNase,Pn>mega, Madison, WI) for 30 
min at 37%!, then heat inactivated for 5 min at 7S\1 RT-PCR was performed (GeneAmp RNA PCR 
Kit, Petkin Elmer) nang 40ng RNA ( 1 Ong f or GAFDH) and oligo pairs specific for murine G ATOH, 
ILrl 1 receptor a chain, IL- 10 receptor, JLr6 receptor or g>l 30, and visualized on an ethidium-stained 

15 agarose gel (diown). PCR reactions on RNA samples in the absence of reverse transcriptase were 
negative for each ottgo pair, and served as a control for DNA contamination. The example i nd i c ates 
that die Hrll receptor al{^ chain mRNA is d^ected in hig^y purified populations d CI>4», CD8+ 
and B220f lymphocytes. [See Hgare 1] 

20 Example 2-11^11 Increases Antigen Spedfic Cytolytic Activity in Bulk Spleen Cn^ 

Seven day splenic bulk cultures from cells treated with IL-2, or IL-2 and n^l l,were soially 
diluted and added to 1x10^ ^'Cr-labelled P81SP1HTR cells, which were pulsed for one hour in the 
presence or absence of NP peptide. The cells were incubated for 4 hours. Supematants were 

25 harvested, and ^'Cr release was determined. Maximum lysis on the target cells was induced with 2% 
Triton-X 100. % lysis = [(CPM-spontaneous CPM crfNF peptide pulsed targetsy(maximum CPM 
of NP peptide pulsed targets- spontaneous CPM of NP peptide pulsed targets)lX100. % specific 
lysis=(% lysis on NP peptide pulsed target cellsH^ lysis of control target cells). The example 
indicates that IL-11 can significantly enhance the % specific lytic activity of NP peptide-specific 

30 cytc^xicT cells. Ata 50:1 effect<»' to target cell ratio, a 250% enhancement in % specific lysis is 
observed in cells treated with IL-2 and IL-1 1 versus cells treated with IL-2 alone. [See Rgure 2] 

Example 3- ILrll can Substitute for the Requirement of Exogenous IL-2 in the Generation of 
Antiga Specific Cytolytic Activity m Bulk Spleen Cultures. 

35 

Seven day splraic bulk cultures fix>m cells treated widi muIL-2» muIL-6, or thIL-1 1 were 
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serially diluted and added to 1x10* '*Cr-labelled P815.P1HTR cells, whidi were pulsed for one hour 
in tfie presence or absence of NP peptide. The cells wctb incubated for 4 hoots, Supematants were 
harvested^ and ^'Cr release was determined. % specific lysis was calculated as described in Hgure 
3. The example indicates that IL-1 1 treatment of cells alone in the absence of exogenous IL-2 can 
significantly enhance the % lytic activity of NP peptide-spedfic cytotoxic T cells. At a 50:1 effector 
to target ratio, a 7 fold increase in % specific lysis is observed between cells treated with IL- 1 1 versos 
cells treated widi no exogenously added cytokines. [See Figure 3] 

Example 4 • IL-11 Increases the Number of Influenza Specific IFNy- Producing CeO& 

Sterile flat bottom 96 weO plates (Costar) were coated with an anti-IFN y antibody (R46A2, 
10/ig/tal. 50 ul/wcll) at 37^ for2 hrs and blocked with PBS+1%BSA^.05% Twecn 20 at 37^ fw 
1 hour and washed with PBS. Serial dilutions of splenic cells dihited in RFMI+10% FCS weie added 
to the plates and incubated for 16 hr at 37*^0, and then washed 6 times. Biotinylated anti-IFNy 
antibody XGM.1 (1.19 Mg^nil) was added to each well and incubated 90 min at room tempmture. 
Following another 4 washes, stzeptavidin alkaline phosphatase was added and incubated 1 hr at room 
temperature. After4 washes, the plates were developed wifli a solution of 0.6% low melting agarose 
in O.IM 2-amino-2-methyM propanoic pH10.5» containing Img/ml BCIP (5-Bromo-4-ChlOTO-3- 
Indon^I^osphate). The plates were iiicubated fori 6 hr at room teiiq)erature and dien the spots were 
counted. The example indicates that IL-11 enhances the number of influenza -specific IFN-g 
producing cytotoxic T cells. Cells treated widi eiOer IL-2 and dther 10 ngAnd or 1 00 ng/ml of IL-1 1 
had 2-35 fold increased number of IFN-g producing cells compared to cells treated with ILr2 alone. 
[See Figure 4] 

Example 5 - IL-11 Increases IFNy Production from Influenza Specific CTLs. 

ELISA plates (EIA cjq>ture plates, Costar) were coated widi an anti-IFNy antibody (R46A2, 
3 Mg/ml* 50 ul/well) at 4^ fw 16 hr and blocked with THSG (Tns hi^ salt gelatin) at 37^ for 2 
hours and washed 4 times. Serial dilutions of IFNy control supematants and of unknown samples 
dihited in PBS+10% FCS were added to die plates and incubated for 2 hr at room temperature, and 
then washed 4 times. Biotinylated antibody XGM.1 (1.19 fi^nd) was added to each well and 
incubated 90 min at room temperature. Following another 4 washes, peroxide-conjugated Avidin 
(Vector) was added and incubated 1 hr at room temperature. After 4 washes, the plates were 
developed with ABTS(Kiricegaanl and Periy) for 9 rnin in the dark and stopped with 1%SDS. The 
abscxfoance at 405 nm was d^ermined with a Vmax kinetic micn^late reader (Molecular Devices). 
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The example indicates that IL-1 1 can enhance the amount of IFN-g pnxhioed influenza-specific 
cytotoxic T cdls. 2-4 fold elevated levels of IFN-g were detected in the conditioned medium of cells 
treated with IL-2 and either 10 ng/ml or 100 ng/ml IL-1 1 . [See Figure 5] 

5 While the present invention has been described in terms of specific m^hods and 

conq>o5itions» it is understood that variations and modificaticHis will occur to those skilled in the ait 
upon c(»sideratioQ of the present invention. Numerous inodificaiic»s and variations in the invention 
as described in the above illustrative examples are expected to occur to those skilled in the art and, 
consequendy, only such limitations as a^ypear in the appended claims should be placed thereon. 
1 0 Accordingly, it is intended in die appended claims to cover all such equivalent variations which cc»ne 
within the scope of the invention as claimed. 
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WHAT IS CLAIMED: 

1. A method of inducing cytotoxic T cell production, comprising administering a 
pharmaceutically effective amount of IL-1 1 . 

2. The method of claim 1, vdierein cytotoxic T cells are treated with IL^ll im)teine;rvrv0. 

3. The mediod of claim 1, wherein cytotoxic T cells are tiansfected with a DNA molecule 
encoding an IL-ll protein* and the cell is cultured under conditions whertin ILrll protein is 
produced 

4. The method of claim 1, wherein n^ll is administoped to a patient suffering fi^ 
viral disorder. 

5. The method of claim 1» ^^rfierein IL-11 is administered to a patient suffering from a 
parasidc infection. 

6. A method ofindudngenhancenientQfcytotoxicTceU activity, comprising a^^ 
to a suitable cell pqnilation a pharmaceutically effective amount of XL- 1 1 . 
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